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Specification 

1. Title of the invention . . 

NOISE REDUCTION DEVICE FOR ELECTRONIC TYPE AUTOMOBILE COMPARTMENT 

2. Scope of the utility invention 

(1) . it is the noise reduction device for electronic type 
automobile compartment characterized as being equipped with 
the means to generate signals using the engine vibration as the 
standard, the speakers, the microphones which detect the noise 
in the entire compartment mounted on the vehicle overhead ceiling 
position of the targeted passenger, and the adaptable filter type 
controller which identifies the r^s^ae transfer function from 
t he said sta nda rd signa ls to th e said microphone of the vibrati on 
sys t em_ of_the_aut omobi le , said^cantro,ller_ controls the said speaker 
in ^ or der to_ m inimiz e^.the^.inp.ut into t fcie said_m icriQphone . 

(2) . it is the noise reduction device for electronic type 
automobile compartment described in the claim item one 
characterized as containing the filter with a fixed coefficient 
constituted such that said controller outputs the white noise from 
said speakers, thus adaptation control is done from the output 
of said microphone and the white noise source, and space transfer 
function inside automobile compartment is measured. 

(3) It is the noise reduction device for electronic type automobile 
compartment described in the claim item one or two characterized 
Such that said microphones are not mounted on the vehicle ceiling 
position, but at specified vehicle posts. 

(4) It is the noise reduction device for electronic type automobile 
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compartment described in the claim item one or two characterized 
Such that said microphones are not mounted on the vehicle ceiling 
position, but at a specified seat belt anchor. 

(5) It is the noise reduction device for electronic type automobile 
compartment described in either one of the claim item one through 
four characterized such that said microphone and speaker are 
positioned inside of the automobile compartment position facing 
the ani-innrte n f i- he built - in ^ ^ajidijogi^wav e nf tho noico - insi de 
the automobile, compartm ent . 

(6) It is the noise reduction device for electronic type automobile 
compartment described in the claim item five characterized such 
Said microphones and speakers are mounted in plural numbers 
respectively; said controller samples each microphone input and 
controls the said speaker in order to minimize the input into 
respective microphone. 

3. Detailed explanation of the utility invention 
(Utilized fields in industry) 

This utility invention relates to noise reduction device inside 
electronic type automobile compartment and particularly to the 
noise reduction device inside electronic type automobile 
compartment which uses the device to actively reduce the low 
frequency noise in the closed space of automobile compartment in 
the automobiles and the like. 

[Prior art] 
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The noise inside compartment of the automobiles and the like are 
caused because the automobile compartment which forms the closed 
space causes' the resonance phenomenon under a certain condition, 
it is thought that the starting vibration force which is the cause 
is due to the rotation vibration ingredient of the engine and the 
like. 

The attempt to adaptably reduce the noise inside the automobile 
compartment has been done in the recent years, its one example 
is shown in figure 10. 

In the figure, 1 is a vehicle such as automobiles and the like, 
10 the compartment inside the vehicle 1, 11 an engine, 12 the engine 
vibration sensor as the means to generate the signals which use 
the engine vibration of the engine 11 as the standard (knock sensor 
is acceptable also) , or the or engine rotation number sensor, 13 
the microphone which detects the noise level inside compartment 
10, 14 the speaker which generates the noise to reduce the noise, 
and 15 is the seat inside of the compartment 10. 



functior i of the transfer function of the vibration system of the 
car excited by the engine vibration of the engine by the output 
of microphone 13 and sensor 12, and is constituted by A/D converter 
21 which converts the analogue output of sensor 12 to digital 
output, adaptable filter 22 which inputs the digital output of 
A/D converter 22, D/A converter 23 which converts the digital 
output of adaptive filter 22 into the analogue signal, power 
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2 is the controller which 





amplification device 24 which amplifies this analogue signals 
and provides to speaker, and A/D converter 25 which converts the 
analogue output of microphone 13 into digital signals and provides 
to adaptive filter 22. 

Figure 11 shows a well known example of the adaptive filter\ \* 
22 as shown in figure 10, and in this case, as the adaptation \ 
algorithm, there are well known rapid fall method, learning \ 
identification method and LMS method and the like, here LMS methods 1 
is used. 

In the figure, Z-3 shows the delay element in order to d elay 
engine vibration X(n) for each sample, h(0)-h(n-l) is the filter 
(tap) coefficient for multiplication with the output signals of 
each delay element Z-l and each filter coefficient is renewed for 
each sample according to LMS algorithm; that is 
h(i+l)= h(i) + 2 vi e (n) X (n-i) 

However, i=0 n, y are the step size described above. 

By selecting the step size ]i of this case, the collapsible 
operation is done wherein filter coefficient is multiplied by engine 
vibration X (n) , and added, thereby, output signals y(n) to the speaker 
14 is found. 

This speaker output y(n) is subtracted from the sound pressures* 

111 

Y(n) actually observed close by the ear of the driver, thereby output 



e (n)=Y(n) - y(n) from the microphone 13 is generated, based on which, 
if the filter coefficient is renewed again by LMS algorithm, 
gradually, the reverse transfer function G-l of the transfer function 
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G of the vibration system in the compartment in the automobile can 
be identified, the microphone output. e(n) can be converged to the 
minimum value . 

However, using such noise reduction device in the compartment 
in the automobile, when h igh noise condition or the _xii,s.ta-nee^between 
speaker and microphone are distant, the transfer delay between 
speaker and microphone is not taken into consideration, operation 
becomes unstable, and convergence time gets delayed, and residue 
noise reduction effect deteriorates. 

Hence, a system as in figure 12 which takes into consideration 
of the space transfer function between speaker and microphone has 
been already being considered. 

That is, by inserting before the adaptable filter the filter 
26 of space transfer function GD between speakers and microphones 
measured in ad vance , adaptation control can be provided from the 
beginning in the form which takes into consideration of the transfer 
delay between speakers and microphones, thereby, as shown in figure 
13, compared with the case in which space transfer function GD is 
not prepared, convergence degree improves and reduction effect of 
the residue noise improves. 

As to the filter 26 in this case, only the point with fixed 
tap coefficient hi - h obtained by measuring as shown in figure 14, 
is different from the filter in figure 11. 

The measurement device of such space transfer function GD (sound 




characteristics) between speakers and microphones 
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Is shown in figure 15, and in this device, without using the 
vibration ingredient from engine 11 , white noise (random number 
row) source 27 is set up in controller 2, and said white noise is 
converted into analogue signals by D/A converter 23 and 
amplification device 24, and outputted by speaker 14, and this 
white noise signals are picked up by the microphone 13 via the 
automobile compartment 10, and is converted into digital signals 
by A/D converter 25, transferred to the adaptive filter 22, and 
thus, adaptive filter 22 is controlled along with the white noise. 

However, in this case, output itself of the filter 22 is not 
outputted into the space, and is different from the adaptive filter 
in figure 11 somewhat, and adaptive control is done such that 
by LM algorithm, instead of the engine vibration ingredient, white 
noise is used, and instead of noise close by the ear Y(n), 
microp hone _J L3, output is used, and e rror e(n ) between this 
microphone output and the output of filter itself (corresponds 
to y(n) in figure 11) is minimized 

FigureJLij shows that the equivalent circuit in case transfer 
function obtained by measuring in actuality as above used as GD' 
is used as filter 2 6 (figure 12) ; the space transfer function 
GP from engine mount to microphone 13 consists of the real space 
transfer function GD from speaker 14 to microphone 13 and the 
transfer function from engine mount to speaker 14, and transfer 
function GC from engine mount to speaker 14, and in this, transfer 
function GD is measured as the filter coefficient GD' of adaptive 
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filter 22 by doing as in figure 15, and only remaining transfer 
function GC can be identified by the adaptive filter 22 as shown 
in figure 12. 

The reason to seek transfer characteristics inside the 
compartment GD'by measurement is that, regarding the space 
transfer coefficient between speakers and microphones, as to 
amplifying device which generates the speaker output regarding 
the space transfer function between speakers and microphones, 
Due to time elapse change, changes such as atmospheric pressure, 
atmosphere temperature, and moistures and the like of each vehicle 
environment, the characteristics of assembled electronic circuits 
change, transfer function values change from one measured 
previously. Hence, filter having the transfer function GD f 
measured like this gets renewed, for instance, at the regular 
inspection time of the vehicles. 

[Problems this invention attempts to solve] 
regarding the. traditional noise reduction device inside electronic 
type automobile compartment as above, by emitting the white noise 
, space transfer function from the speaker to microphone is found, 
after that, said device is mounted in the compartment, in this 
case, since the position of microphone is fixed at the head rest 
of the seat 15 or at the shoulder part as shown in figure 10, hence, 
when the passenger collapses the seat 15 or passengers switch etc, 
the distance from speaker to the microphone changes, as a result, 
space transfer function changes from the initial value, thus 
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convergence becomes difficult or system oscillates, every time 
it happens, white noise had. to be emitted, and space transfer 
function needs to be sought ever time it happens, thus causing 
troublesome problems. 

Hence, the purpose of this utility invention is to realize a 
noise reduction device inside electronic type automobile 
compartment in which regarding measuring the space transfer 
function in the automobile compartment, distance from speaker to 
microphone does not change. 

[Means to solve the problem] 
In the noise reduction device inside electronic type automobile 
compartment relating to this utility invention, 
Said device is equipped with the means to generate signals using 
the engine vibration as the standard, the speakers, the micr ophones 
which detect the noise in the entire compartment m ounted on the 
vehicle overhead^^JLiug^ p assenger^ and 

the adaptable filter type controller which identifies the l^ver^ 
t ransfer function from the s<y .d^gjia^ said 
microphone of the vibration system of the automobile, said 
controller controls the said speaker in order to minimize the input 
into the said microphone, thus solving the above described problem. 

And the said controller contains the filter with a fixed 
coefficient constituted such that said controller outputs the 
white noise from said speakers, thus adaptation control is done 
from the output of said microphone and the white noise source, 
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and space transfer function inside automobile compartment is 
measured. 

Furthermore, said microphones are not mounted on the vehicle 
ceiling position, but can be mounted at specified vehicle posts 
or specified seat belt anchor. 

Furthermore, in this utility invention, said microphone and 
speaker can be set up in the facing compartment position which 
becomes the anLLoe^e of the built-in standing wave of the noise 
inside of the automobile compartment, and furthermore, said 
speakers can be controlled such that by setting up in plural number, 
said controller samples each microphone input, to minimize the 
input into each microphone. 
[Interaction] 

In the noise reduction device inside electronic type automobile 



compartment relating to this utility invention, microphones are 
mounted at the f ixe d position inside each com pa rtment su ch as^ 
vehj cl e r.eiJ^n^^g&rhead of J:hgL_R&sgenger which becomes the target 



of_the noise_xgdu ction,_s pecif ied vehicle post, or specified seat 
belt anchor, hence, the distance from the speakers to microphones 
does— not change, and when a seat is moved, the transfer function 
to the microphone of the vibration system of the car body does 
not change even if the seat is moved. 

Hence, in order to obtain the filter 26 of fixed space transfer 
function GD, using^ ^j^e^neise^^-shown^i-nHfigure^l , space transfer 
function measurement shown in figure 15 does not have to be done 




any more many times . 

And, by installing the above described microphone and speakers 
at the facing compartment position which becomes the antinode of 
the built-in standing wave (this is known by testing and the like 
in advance) in the noise inside the compartment, the biggest part 
of the sound pressure (amplitude ) of the noise inside the 
compartment can be stricken out. 

Furthermore, by installing a plural number of microphones and 
speakers at the compartment positions which becomes the antinode 
of the built-in standing wave of the noise in the compartment, 
if speakers are controlled such that said controller samples each 
microphone input and minimizes the input into each microphone, 
the elimination of the noise in the compartment does not go well 
by one microphone and speaker (this is because the time delay 
between speakers and microphones is large and the like) , even if 
the adaptation control of the controller misses the convergence 
range, it can be saved by the combination of other microphones 
and speakers, thus the optimum adaptation control is realized. 

[Embodiments] 

fi gure 1 is a drawing showing one embodi giejat of the noise reduction 
device inside electronic type automobile compartment relating to 
this utility invention, and the difference between this embodiment 
and the prior art in f igure/lg) is that microphone 13 is install ed 



at the ceiling ^po sition of the vehic le 1 which is thp ovprhpad _, 
of thp passpngpr inn whp j s seated at .the, seat 15 who wants noise 
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reduction. 

By installing microphone 13 as above, the ears of passenger 
100 is close to the position of microphone 13 with the best noise 
reduction effect, hence, as described above, due to the standard 
signals from the sensor 12 and the signals from microphone 13, 
according to LMS algorithm, by generating the noise ^rasing output 
from speaker 14, the normal noise reduction effect can be obtained. 

On the other hand, in case the space transfer function is 
measured using the microphone 13 set up at such position, it can 
be done as shown in figure 2, and in this case, it is different 
from the case in figure 14, the position of the microphone 13 is 
selected to be at the ceiling of the vehicle 13, and even if the 
seat 15 is collapsed, the distance between speaker 14 and 
microphone 13 does not change, hence, there is not need to 
re-measure the space transfer function. 

Figure 3 shows the state in which microphone 13 is mounted on 
the ceiling of the vehicle actually, and in this embodiment, using 
two microphones_JL3 particularly, it is designed so that it 



approaches close to ,both e^r^of^tehe^"pa:s^enger . 

In case this microphone 13 is mounted on the ceiling of the 
vehicle, if the roof of this vehicle gets hot on receiving the 
sun ray directly, the performance easily deteriorates by receiving 
the heat impact, and since the roof is a thin iron plate, its 
mounting becomes difficult. 



Hence, in the embodiment shown in figure^'W, microphone 13 is 
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installed at A post, BC post, or c post of the vehicle, or installed 
at the seat hfiJj^_aac-hor SA set up. at BC post or C post. 

. Figure 5 is a drawing showing the location in which microphone 
13 is actually mounted at one of the posts, and it is structured 
such that over the post 31, thermal insulation seat 32 and vibration 
proofing rubber 33 are placed, furthermore, bracket 34 on which 
is mounted the microphone 13 is placed, and through each hole, 
screwed on by screw 35. And the inner cowl 37 with protective 
net 36 of microphone 13 pasted over it is mounted. 

In above described embodiment, the case in which microphone 
13 is positioned at one place is hypothesized, however, as shown 
in figure 6, standing waves by the actual noise in the compartment 
exist in various forms. 

That is, the space in the automobile compartment can be 
con sidered to be a type of square, the standing wave at the time 
is generated diagonally up as shown by the oblique lines by same 
figure (a) - (e) . 

And, in the compartment there are seats and instrument plats 
and the like, and in the actual mode, in addition to the various 
standing wave described above, others exist and present complex 
modes . 

However, actual standing wave does not necessarily generate . 
all the modes always, but generates the standing wave which 
corresponds with the length inside the compartment. 

In another word, the frequency of standing wave generated and 
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the length inside the compartment correspond, and in case of the 
4 cylinder engine, vibromotive .by the engine is the secondary 
ingredient of the engine rotation, for instance, suppose at 3000 
rmp, 100 Hz standing wave is generated, and at 6000 rpm, 200 Hz, 
if there is the length inside the compartment in the vicinity of 
the wave length of these frequencies, standing wave is generated, 
and as shown in figure 6, the noise inside the compartment is the 
greatest at the antinode portion as shown in flgura 6, at the node 
po^fiojt, it is the least. 

Hence, such antinode portion is sought by the testing or 
structural analysis and the like, and it is preferable to place 
the speakers and microphones at its/as±inQ^^position f then, one 
can cope with the noise inside the compartment with the greatest 
sound pressure than this by this. 

In such case, if only one microphone 13 and speaker 14 are set 
up respectively, as shown in figure 6, the optimum noise erasure 
control is not necessarily executed against any of the various 
standing wave as shown in figure 6, and, as far as eliminating 
the noise inside the compartment, installing a plural number of 
microphones 13 and speakers 14 is more preferable. 

Hence, in this utility invention, as shown in figure 7, in 
compartment 10 in advance, speaker SP1 and sp2 are placed at the 
right and left of front part (Ft), and speaker SP3 and Sp4 are 
placed at the back part (Rr) , and the microphone^L3__are set up 
nfjrnjr^ M(1 ) ~ MH) in lLhr^ri ghtjiriri left direction shown 
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in the oblique part surrounded by the dotted lines and/or 
microphone area M (4) - (6) in the front and. back direction. 



Using these plural number of speakers 14 and microphones 13, 
by executing the adaptive controlling by controller 2, input into 
each microphone is minimized. 

Regarding the adaptive control by these plural number of 
speakers and microphones, in order to simplify the explanation, 



the following will be explained, taking the example of two speakers 
SP1, SP2 set up at front part of the vehicle and two microphones 
13a, 13b set up at the both ends of microphone area M (2) (refer 
to figure 7) as shown in figure 8. 

First, as shown in figure 8, transfer channel is set up by four 
combinations by two speakers and two microphone, their transfer 
functions are respective GD11 - GD22 which are different. 

Hence, in order to identify such transfer function GD11 - GD22, 
measuring system as shown in figure 2 described above is set up 
at each transfer channel, and output system of speaker SP1 and 
output system of SP2 are driven at the same time, or each sample 
such as speaker sPl and microphone J. 3a, speaker spl and microphone 
13b, speaker SP2 and microphone 13a, speaker SP2 and microphone 
13b will be driven in sequence and done by each sample. 

4 sets of transfer function GD11 - GD22 thus obtained, as shown! 
in figure 9, is assembled into the actual adaptive control. 




as to the operation part 41 - 44, the val 1 ' 
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~ R22 = X(n)* GD11 ~ X(n)* GD22 which executed the collapsible 
operation of the matrix of transfer function GD11 ~ GD22 sought 
above with engine vibration ingredient X(n) is provided to 
multichannel operation part 50, and corresponds with the filter 
26 of the tran^f g^^ GD shown in fig ure J. respectively. 

The al gorithm of operation part 50 in this figure 9 
Is represented in general by 
Hn+1 = Hn + 2\iRe 

In the example of figure 9, 
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By the matrix operation shown above, filter coefficient HI, H2 
are sought and renewed. Here, ij is an above described convergence 
coefficient (step size) and e is the difference value between 
speaker output and the noise in the compartment. 

And, in this case also, filter coefficient HI, H2 are 
renewed every time at the same time, or one side is fixed, and 
renewed in sequence, thus executing the adaptive control. 

Thus, by controlling by two speakers and the combination of 

two speakers, the input level of each speaker is minimized. 

O 

Considering the control system as shown in figure^ from the 
examples of figure 8 and figure 9, for instance, in case only the 
driver is in the car, and in the mode which becomes the antinocje 
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of the standing wave near its ears, the js ticrophone inpu tin^cas^e 
it is^>l-aeed^a^L^i icrophone area M( 2) or ( 6) becomes larger, and 
control is executed such that from four speakers SP1 - SP4, the 
input from their microphone are minimized. 

In the adaptive control with such multi channels, coefficient 
renewal is don^-eertte red on _th e channel with ^Larrge— : impact^deoree 
from the control amount and evaluation result, for instance, if 

the impact degree is la£gg_jLQ- £he microp honic ^!l£LfuMX£) or (6) 

from the speaker SP3, adaptive control is done centered on its 
channel. However, of course, other channel will get to be used. 

In such state, in case a passenger gets seated at the left side 
^of _ the ^back seating area, as to the speaker _SP3_ to microphone are 
sM(2) opM(6) , due to the impact of the passenger, it does not become 
an effective channel. Hence, in substance, the control will be 
executed cente red on the channels of speaker sPl and microphone 



area M(2) or M(6), or speaker sP4 and microphone area(2) or M(6) . 
[Effect of the utility mode] - 
As described above, in the noise reduction device inside 
electronic type automobile compartment relating to this invention, 
Microphones are installed at t he vehicle ceiling at the ovprhp^ d 
T^sition j)f the taxxieiied^asjSLe^ vehic _lje„p_o.sJi^o r 

specified sea t belt ancho r, and since it is very close from the 
near ears to the microphone, sound eliminating effect is not lost, 
and even if the seat is moved, it is not necessary to redo the 
space transfer function hence, the space transfer function— i^-<*<*™~- 
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only once in white noise initially at the factory. That is all. 

And microphones and speakers are installed at the facing 
compartment position which becomes the antinode of the built-in 
standing wave of the noise inside the compartment, and multiple 
controllers that are set up respectively sample each microphone 
input, and speakers are controlled to minimize the input into each 
microphone, hence, by the various combination of speakers and 
microphones, even if outside confusion enters into the control 
system, even if one speaker and microphone combination can not 
execute the optimum adaptive control, it can be saved by the 
combination of other speakers and microphones, the best noise 
elimination effect can be achieved always. 
4. Simple explanation of the drawings 

Figure 1 is a block drawing showing one embodiment of the noise 
reduction device inside electronic type automobile compartment 
relating to this invention. 

Figure 2 is a block drawing showing the device to measure the space 
transfer function of the noise reduction device inside electronic 
type automobile compartment relating to this invention. 
Figure 3 is a drawing showing one embodiment of the setup position 
of the microphones using this invention. 

Figure 4 is a drawing showing other embodiment of the setup position 
of the microphones using this invention. 

Figure 5 is an assembly drawing showing the embodiment when 
microphones used for this invention is set up at the vehicle post 
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Figure 6 is a wave shape drawing showing various standing wave 
modes generated in the compartment of an automobile 

Figure 7 is a front view summary drawing to explain the 
combination of a plural number of speakers and microphones used 
for the embodiment by this invention 

Figure 8 is a drawing to explain the difference of transfer 
function by the combinations of two^_,^peaJ^rs---a n d micro phones. 

Figure 9 is a block drawing to execute the adaptive control 
by the combination of two speakers and microphones. 

Figure 10 is a block drawing showing one example of reduction 
device of the noise inside the traditional compartment. 

Figure 11 is a block drawing showing the general confirmation 
of the adaptive filter 

Figure 12 is a block drawing showing one example of the reduction 
device of the noise inside a traditional compartment which improved 
the traditional example in figure 10. 

Figure 13 is a graph drawing to compare the convergence degrees 
in the traditional examples in figure 10 and figure 12 

Figure 14 is a block drawing showing the filter with space 
transfer function inside the compartment obtained by measurement 

Figure 15 is a block drawing showing the device to measure the 
space transfer function of the traditional noise reduction device 
inside electronic type automobile compartment. 

Figure 16 is a block drawing showing the reduction device of 
the noise inside the compartment in figure 12, using equivalent 
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circuit . 

In the figure, 1 shows a vehicle, 2 a controller, 10 an automobile 
compartment, 11 an engine, _13 mjj ^ophenes, 14 speakers, 22 an 
adaptive filter respectively. 

In the drawings, identical symbols show identical or 
corresponding part. 

agent: patent attorney: Shuji Shigeizumi 
Figure 1 
Figure 2 

27.. white noise source 

figure 3 

figure 4 

left to right 

A post, BC post, C post 

Figure 5 

Figure 6 

Top left 

Top to bottom 

Ft antinode, node, Rr antinode . 
Figure 8 
Figure 9 

Cen ter: multi channel operation part 
Figure 10 
Figure 11 

Left: engine vibration ingredient X(n) 



Right side: from the top to bottom 
Noise near the ears .Y(n). 

Speaker output y(n), microphone output e(n) 

Figure 12 
Figure 13 

Y axis: convergence degree 
X axis: time 

Top line: when GD is prepared 
Bottom line: PD is prepared in advance 
Figure 14 
Left: input 

Right: Identification output 
Figure 15 

27.. white noise source 
Figure 16 

Left: Engine vibration ingredient, right: noise near the ears 

Speaker output 

Microphone output 
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Partial Translation of Japanese Laid-Open Utility 
Model Publication No. 4-87898 
(Published on July 30, 1992) 

Japanese Utility Model Application No. 2-114918 
(Filed on October 31, 1990) 

Title: ELECTRONIC APPARATUS FOR REDUCING SOUND IN 
VEHICLE COMPARTMENT 

Applicant (S) : ISUZU MOTORS LIMITED 
TRANSTRON INC. 

2. Claim(s) 

(1) An electronic apparatus for reducing sound in 
a vehicle compartment comprising: 

means for generating a reference signal based on 
engine vibrations ; 

a speaker; 

a microphone provided on a roof of said vehicle 
compartment above a subject passenger for detecting 
all noise in said vehicle compartment; and 

an adaptive filter controller for Identifying an 
Inverse transfer function of a transfer function 
between said reference signal generating means and 
said microphone in a vibration system of a vehicle 
body. 



wherein said controller controls said speaker so 
as to minimize an input to said microphone. 
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